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INTRODUCTION

In the years following the Second World War, a great many
studies appeared which involved critical evaluations of different
design features of instrument scales and dials.

Of primary concern

in such investigations has been the speed and accuracy with which
common dial configurations (circular, semi-circular, horizontal,
vertical, and open-window) could be read (Sleight, 1948; Graham,
1956).

In every case, however, the physical make-up of the dials

has been such that the pointer was positioned between the viewer
and the scale; i.e., sandwiched between a clear glass crystal and
a back panel on which the scale and markers were printed.
visual instruments have appeared which reverse this order.

Recently,
These

dials have the scale between the pointer and the viewer; i.e., the
scale is printed on the clear glass crystal, with the pointer
passing between it and a blank back panel.

The difference in

make-up between the two configurations is illustrated in Figure 1
on page 9 of the Method section.
A review of the literature has failed to uncover any data
comparing the "near-scale" type of dial with the conventional
"far-scale" dial.

Therefore, the question as to whether one dial

type is superior to the other, in terms of speed and accuracy of
reading, has so far gone unanswered.
Since it is unlikely that the location of the scale in relation
to the pointer would show any reading performance differences when
1
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viewed from a straight-on (90°) position, any response variations
attributable to these design differences might only become apparent
when such instruments sere viewed at an angle.

This, then, was the

purpose of the study: to determine if there are any differences in
speed and accuracy of reading when the two dial configurations are
viewed at various angles along a horizontal plane.
It is a well known fact that when a dial is viewed from an
angle, parallax becomes an important factor.

This distorts the

dial's true reading because the distance between the pointer and
the back panel appears greater in direct proportion to increasing
lateral displacement of the viewer.

Therefore, the pointer appears

to be indicating a reading to the left or to the right of its true
reading, depending on the side from which it is viewed.

This is

the case with both the "near-scale" and the "far-scale" dial.
However, the intent of the present study was not to reduce the
effects of parallax by making changes within a certain dial, but
rather to determine whether or not one dial configuration offered
any advantages over the other in terms of speed and accuracy of
reading despite the effects of parallax.
All else being equal, the most effective way to reduce error
when reading a dial is, of course, to view it from a straight-on
position.

If this is operationally impossible, the face of the dial

may be tilted or rotated toward the observer.

A practical solution

is often to casign the instrument panel, on which the dial is
rounted, so that it curves around the operator if he is stationary.
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However, as Barr (1950) pointed out, space requirements and lighting
difficulties often render such solutions impractical.
Several factors had to be decided upon before the experiment
could be designed.

These were:

(1) the shape of the dial to be

used; (2) the angles at which the dials were to be viewed; and
(3) the length of time during which the dials were to be viewed.
The decision to use a round dial was the result of information
gathered from several studies.

In his very thorough research into

the effects of dial shape upon legibility, Sleight (1948) ranked the
five common dial shapes in their order of readability as follows:
(1) open-window; (2) round; (3) semi-circular; (4) horizontal; and
(5) vertical.

Commenting on the popularity of the round dial, he

goes on to say that:
It is not difficult to understand why few changes have been
made from the common round type of dial. Besides the natural
reluctance to vary from the type of dial habit has established,
there is the matter of engineering convenience. This latter
factor, to scane extent at least, has been responsible for the
prevalence of the round dial, because of the relative ease of
obtaining circular movement of a center-pivoted pointer
(Sleight, 1948, p. 171).
Lester (1944) points out another feature of the round dial
which makes it so relatively popular:
of scale around a three-inch dial.
(1946, p. 429) observes that:

designers can wrap ten inches

In the same vein, McFarland

" . . . the length of scales may often

preclude the use of linear dials and necessitate the use of circular
ones . . . "

The preceding observations, when considered along with

the fact that the round dial is the most familiar (clocks.
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speedometers, pressure gauges, etc.), made a strong argument for the
round dial as the most appropriate shape for use in the present
study.
The decision as to which viewing angles to use was a relatively
arbitrary one.

While it was decidedly advantageous to keep the

number of angles at a minimum (to avoid undue experimental design
complexity and subject fatigue), it was equally important that they
encompass the full range of feasible viewing angles.

With these

objectives in mind, viewing angles ranging from 20° to 80°, left and
right, were selected (straight-on was considered to be a 90° viewing
angle because the plane of the dial face formed a right angle with
a perpendicular line drawn from the subject's eyes).
The research concerning angular viewing of dials is fairly
meager.

Senders, Webb, and Baker (1955), used dial faces printed on

cards rather than operating instruments.

Varying viewing angles from

80° to 10°, and measuring success in identifying pointer position by
quadrant rather than accuracy of quantitative readings, they found
that if reversal errors (errors of 180°) were ignored, the ability
to discriminate pointer position when the dial is displaced as much
as 40° is good, while at 80°, better than chance readings were still
obtained.
In two experiments reported simultaneously in one article,
Cohen, Vanderplas, and White (1953) found that increasing the angle
of displacement at which dials are read increases the error.

In one
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experiment they had subjects read two-dimensional dial reproductions
at angles ranging from 90° (straight-on) to 25°

(65° displacement).

In the accompanying study, subjects wererequired to align a movable
vertical rod (by means of a pulley system) with a vertical line
painted on a panel set at angles between and including 90° (straighton) and 20° (70° displacement), left and right.
Determining an appropriate exposure
provoking problem.

time touse

was a thought-

Because the vast majority of the reported

experimentation dealing with dial reading used set exposure times,
it was initially decided to follow suit.

However, upon further

consideration, it was decided to let the subject view the dial as
long as he felt it necessary to make an accurate reading; i.e.,
subject-terminated conditions.
There are several reasons for this decision.

In the first

place, the studies which use a pre-determined exposure time are
usually those in which a drawing or photograph of a dial, rather
than an operational model, was used (Ross, Ray, and Della Valle,
1953; Senders, Webb, and Baker, 1955; Sleight, 1948; Graham, 1956).
In keeping with the desire to make the situation as close to real
life as possible, an operating dial was vised rather than dial faces
printed on cards which are exposed to subjects either directly or
tachistoscopically.

Since dials in a real situation are typically

viewed for as long as necessary, it was felt that the same condi
tion should hold true in the experiment.
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Secondly, Thomas (1957) has raised some questions about the
validity of fixed-time exposures in dial reading experiments.

In

his study, he compared the accuracy with which the five common dial
types are read at four different exposure times.

During the longer

exposures, for example, the open-window dial produced the second
fewest number of errors, while at the shorter exposures, it pro
duced the most errors.

He concluded that

. . . it has been shown that the particular exposure time
used may bias the results of such an experiment and thus make
valid inference to other situations impossible (p. 152).
In the same vein, Christensen (1952) reported that relationships
found at one exposure time might be insignificant, while significant
at another.
Finally, there is additional evidence to support the theory
that using set exposure times in a dial-reading experiment may
interfere with its generalization to a real-life situation.

For

example, Milton, McIntosh, and Cole (1954) have shown that the
amount of time spent by pilots in the reading of any particular
instrument in flight is much shorter than the time taken by subjects
in a laboratory situation.
In its final form, then, the present experiment sought to meas
ure the speed and accuracy of reading two physically different
versions of the same dial at 20°, 40°, 60°, and 80° angles (70°,
50°, 30°, and 10° displacements from straight-on respectively).
Three hypotheses were set forth before the experiment was
begun.

These were:

(1) the time of dial-reading would increase
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while accuracy would decrease as the degree of displacement from a
straight-on position increased? (2) no variations would occur
as a function of the differences between the two dials; and
(3) there would be no reading performance differences between
left and right side placement of the dialo
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METHOD

Subjects

Thirty-two male Western Michigan University undergraduate
students served as Ss for the study, sixteen under each experimental
condition.

All Ss had approximately normal vision (corrected or

uncorrected), and all were licensed automobile operators, further
suggesting the absence of any serious visual impairment.

Apparatus

Two circular dial scales were constructed (as shown in Figure
1) for use in the experiment.

The scales, identical in every way

except for the surface on which they were mounted, conformed to the
recommendations set forth by Murrell, Laurie, and McCarthy (1958)
in their nomogram.

They stated that dials to be read at a maximum

distance of two feet should meet a standard which was far ex£eeded
by the one used in the present study.

The matching of the two

scales was assured, since the one mounted on glass (condition A^)
was constructed first and then photocopied.

This photocopy,

mounted on cardboard, was used in condition A^.

An actual size

reproduction of the scale is presented in Figure 2.
A conventional pointer with a tapering shaft was used.

Its

length was such that the top extended exactly to, and was flush
with, the bottom of the markers.
8
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I scale

pointer

scale I
pointer
back panel

"far-scale"

Figure 1.

"near-scale"

Structural differences between two dial configurations.
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F ig u re 2.

A ctual size reproduction of dial face used in experim ent.
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A specially-constructed apparatus which housed the visual
displays and contained the mechanism which enabled the pointer
settings to be changed and the reading responses to be timed was
employed.

Either display could be interchangeably housed in the

apparatus.

It took only a relatively short time to change from

one to the other.

However, since a given S_was tested under only

one experimental condition, using just one of the dials, the
instruments did not have to be changed during an experimental
session.

Dial settings were controlled by a pointer in the rear

of the apparatus and were checked for accuracy before each session.
A vertically-sliding door on the front of the apparatus covered
the dial between readings while settings were being changed.

The S

rested his chin on a chin rest which brought his eyes to the same
level as the dial.

He pushed a button mounted on the table surface

to the right of the chin rest.

This button actuated a double-pole,

single-throw relay attached to the back of the apparatus.

This

relay simultaneously actuated a solenoid and a one-hundredth second
timer.

The solenoid pulled back on a lever which was connected to

the vertically-sliding door by means of a pulley arrangement,
thereby raising the door and exposing the dial.
made his reading, he again pushed the button.

After the £ had
This caused the relay

to shut off, thereby inactivating the solenoid which closed the
door and stopped the timer.
The apparatus itself was located on a 3 x 6 feet sheet of
masonite nailed onto a standard desk top.

The different viewing
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locations (angles) were marked on the masonite sheet beforehand in
order to assure consistent and accurate placement for each £ (see
Figure 3).
The experimental room was sealed with black construction board
and black tape over the window to exclude ambient daylight.

The

room was illuminated by a single 150 watt frosted incandescent bulb
in a ceiling fixture.

The dial itself was directly lit by a 15-1/2

inch, 15 watt fluorescent bulb located slightly in front of and
below the dial.
not block the

This light was shielded by a deflector which did
s view of the dial, but did avoid the possibility

of vision being hampered by looking directly at the bulb.
The previously-mentioned chin rest was located so that the S's
eyes were always two feet from the dial face regardless of the
angle at which it was viewed.

As the apparatus was moved through

the different angles, the face of the dial always faced in the same
direction.

It was never canted so that the dial face would be

perpendicular to the s_'s line of sight.

All readings were made

binocularly.

Procedure

Subjects were randomly assigned as to the experimental condi
tion under which they would serve.
condition

Sixteen £s were tested under

(using the "far-scale" dial) and sixteen under condi

tion A2 (using the "near-scale" dial).

The experimental data for

each S_ was accumulated in the following manner:

each S made a
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80°L

80°R
60°R

60°L

40°R

20°L

Chin Rest

Subject

Figure 3.

Button

Spatial arrangement of Table showing locations at which apparatus was placed to
provide necessary viewing angles in relation to the subject.
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total of 96 readings, 12 at each of 8 angles (20°R, 40°R, 60°R,
80°R, 20°L, 40°L, 60°L, 80°L). Of these 12 readings, six were on
the left side of the dial, and six were on the right side.

Of the

six readings made with the pointer either on the left or on the
right, two settings were made at major markers, two at intermediate
markers, and two at minor markers.

In this way, each S was exposed

to an equal number of settings at each of the marker graduations.
However, the order of specific settings to which each £ responded
was not the same; these were selected on the basis of a table of
random numbers.

The order of presentation for types of marker

graduation was also selected randomly.

The progression of the

angles was alternated for each successive

Sj i.e., if during a

given experimental session the apparatus was moved from left to
right through the angle locations, in the succeeding session it
was moved from right to left.

Interpolation was never necessary

as each dial setting was directly at a marker.
A typical experimental session proceeded as follows:

the £

entered the experimental room, was seated in front of the appara
tus, and was given a typewritten set of instructions (Appendix A).
The S_ was then asked if he had any questions.

As soon as it was

determined that the S_ understood his task, he was given a minimum
of six practice readings at a straight-on (90°) position.

When he

had responded with five consecutive correct answers, and it was
obvious that he knew what was expected of him, the end of the
practice trials was announced.

The apparatus was then moved to
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the initial experimental position, and the actual experimental
trials were begun.
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RESULTS

The experimental design used was a 2 x 2 x 4 factorial analysis
of variance with repeated measures on the last two factors (Winer,
1962, p. 319).

The factors involved were dial types (A^ and A^) ,

viewing direction (to the left or to the right), and viewing angle
(20°, 40°, 60°, and 80°).

Nine separate analyses were possible,

corresponding to the dependent variable measures which included one
readout time and eight readout error scores.
1.

These were:

reading time in hundredths of seconds

2.

gross error - all markers

3.

gross error - major markers

4.

gross error - intermediate markers

5.

gross error - minor markers

6.

total number cf errors - all markers

7.

total number of errors - major markers

8.

total number of errors - intermediate markers

9.

total number of errors - minor markers

The "total number of errors" designation is the mean number of
distinct errors made by the sixteen S_s serving tinder a given dial
type at a given angle.

"Gross error," on the other hand, represents

the mean, accumulated total of the magnitudes of the errors (without
regard to sign) made by the sixteen Ss serving under a given dial
type at a given angle.

If, for example, of the twelve readings an

S_made at a given angle under a given dial type, four were in error,
16
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and these were off by one, three, four, and two, the total number
of errors would be four, and the gross error would be ten.
When the data for reading time was subjected to analysis (see
Sable 1), it was found that variance differences on this dimension
resulted from the effect of the different angles from which the
dial face was viewed.

The greater the displacement from a

straight-on position (90°), the longer it took the S_s to make a
reading (see Figure 4).
level, F (3,90) = 59.29.

This effect was significant at the .01
Another finding was that when the dial

was to the £'s left, it was read faster than when it was to his
right.

This effect was significant at the .05 level, F (1, 30) =

4.54.
When the data for gross readout error (see Figure 5) across
all marker types was analyzed, results very similar to those for
reading time were obtained.

Variance due to differences in read

ing angle was significant at the .01 level, F (3, 90) = 70.59.

The

gross error for readings made to the left was significantly less
than for those made to the right, F (1, 30) ~ 6.63, p > .05.

A

summary of the gross error analysis (at all markers) is presented
in Table 2.
Gross error was broken down into three subgroups by marker
type, and each was analyzed separately.
When the data for gross error at major markers was subjected
to analysis, differences due to viewing angle again became apparent
F (3, 90) = 29.88, p > .01.

A significant main effect was also
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Table 1

Summary of Analysis of Variance for Reading Time

Source

df

Between Subjects

31

Dial
Subjects within groups
Within Subjects

MS

1

99.65

30

59.01

1

13.68

Dial X Left or Right

1

0.53

30

3.01

Angle

3

74.71

Dial X Angle

3

0.73

90

1.26

Left or Right X Angle

3

2.11

Dial X Left or Right X
Angle

3

1.25

90

1.08

Angle X Subjects
within groups

Left or Right X Angle X
Subjects within groups

1.69

224

Left or Right

Left or Right X
Subjects within groups

F

4.54*

59.29**

*p > .05
**p > .01
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A^ (far-scale dial)
A^ (near-scale dial)

0.75

time

in seconds

0.70
0 .6 5
0 .6 0
0 .5 5
0 .5 0
0 .4 5

0

2 0 °L

4 0 °L

60°Ij

8 0 °L

80°R

6 0 °R

4 0°R

2 0°R

viewing angle

Figure 4.

Viewing time in seconds as a function of viewing angle
for both dial types.
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— ——
_____

(far-scale dial)
A2 (near-scale dial)

twelve-trial block

15.0
12.5
10.0

7.5
5.0
2.5

0

20°L

40°L

60°L

80°L

80°R

60°R

40°R

20°R

viewing angle

Figure 5.

Mean gross readout error per twelve-trial block as a
function of viewing angle for both dial types.
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Table 2

Summary of Analysis of Variance for Gross Error (all markers)

Source

df

Between Subjects

31

Dial
Subjects within groups
Within Subjects

MS

F

1

298.64

4.09

30

73.08

224

Left or Right

1

99.37

6.63*

Dial X Left or Right

1

19.42

1.30

30

14.98

Angle

3

1557.85

Dial X Angle

3

15.45

90

22.22

Left or Right X Angle

3

5.28

Dial X Left or Right X
Angle

3

2.54

90

6.14

Left or Right X
Subjects within groups

Angle X Subjects
within groups

Left or Right X Angle X
Subjects within groups

70.59**

*p > .05
**p > .01
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found attributable to the dial type, F (1, 30) = 4.30, p > .05.
The "near-scale" dial yielded more accurate readings than its "farscale" counterpart.
When the data on gross error at intermediate markers was
analyzed, the only significant main effect was attributable to
viewing angle, F (3, 90) = 31.15, p > .01.
Analysis of the data for gross error at minor markers yielded
a significant effect, F (1, 30) = 11.04, p

> .01, between readings

made to the left and those made to the right, with the former
proving to be more accurate.

Differences due to viewing angle

were also significant at the .01 level, F (3, 90) = 111.82.
A summary of the analysis of variance for gross error across
the three types of markers is presented in Table 3.
When total errors - all markers (the total number of errors
made as opposed to the magnitude of the errors) were subjected to
analysis (see Figure 6), the following was found:

fewer errors

were made, F (1, 30) = 13.29, p > .01, with the "near-scale" dial
than with the "far-scale" dial, and there were less errors,
F (1, 30) = 4.92, p > .05, associated with readings on the left
than with readings on the right.

Differences due to viewing angle

were significant at the .01 level, F (3, 90) = 102.34.

A summary

of this analysis is presented in Table 4.
An analysis of variance for the total number of errors at major
markers yielded a significant difference between the two dial types,
F (1, 30) = 9.05, p > .01, the "near-scale" dial proving more
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Table 3
Summary of Analysis of Variance for Gross Error at Major, Intermediate, and Minor Markers
Major
Source

df

Between Subjects

31
1

44.68

30

10.40

Dial
Subjects within groups

Intermediate
MS
F

MS

4.30*

39.45

3.25

Minor
MS

17.02

12.13

6.76

4.12

21.98

11.04**

0.05

2.75

7.90

3.97

3.09

2.84

1.99

224

Within Subjects

10.93

Left or Right
Dial X Left or Right
30

Left or Right X
Subjects within groups

98.63

Angle

3.54

29.88**

31.15**

280.68
0.89

3.30

5.23

2.51

Left or Right X Angle

0.40

1.27

5.20

Dial X Left or Right X Angle

0.47

0.46

1.68

1.43

2.23

2.01

3.81

Angle X Subjects
within groups

*p > .05

90

90

1.15

162.91
4.49

Dial X Angle

Left or Right X Angle X
Subjects within groups

2.52

111.82**

**p 5 .01
ro

LO

A

(far-scale dial)

A2 (near-scale dial)

8
7

6
5
4
3

2

1

0

2 0 °L

4 0 °L

6 0 °L

8 0 °L

80°R

6 0 °R

40°R

20°R

viewing angle

Figure 6.

Mean total readout errors per twelve-trial block as a
function of viewing angle for both dial types.
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Table 4

Summary of Analvsis of Variance for Total Errors (all markers)

Source

df

Between Subjects

31

Dial
Subjects within groups
Within Subjects
Left or Right

MS

1

189.07

30

14.22

1

21.39

4.92*

17.01

3.91

30

4.35

Angle

3

376.61

Dial X Angle

3

5.43

90

3.68

Left or Right

3

0.89

Dial X Left or Right X
Angle

3

0.62

90

2.73

Angle X Subjects
within groups

Left or Right X Angle X
Subjects within groups

13.29**

224

Dial X Left or Right
Left or Right X
Subjects within groups

F

102.34**

*p > .05
**p > .01
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accurate than the “far-scale" dial.

Viewing angle also yielded a

significant main effect, F (3, 90) = 25.38, p > .01.
The analysis of the total number of errors made at inter
mediate markers also yielded a significant main effect, F (1, 30) =
13.25, p > .01, between the "near-scale" and the "far-scale" dials,
with the former proving to be more accurate.

The main effect due

to viewing angle was significant at the .01 level, F (3, 90) =
39.54.

The analysis also uncovered a significant interaction effect

(see Figure 7), F (3, 90) = 2.94, p > .05, between the dial type and
the angles at which they were viewed.
The final analysis performed on the data involved the total
number of errors made at the minor marker settings.
cant main effects were found.

Two signifi

The first was due to the dial types,

F (1, 30) = 5.70, p > .05, the "near-scale" dial once more yielding
more accurate readings than the "far-scale" dial.

The second

significant main effect, F (3, 90) = 102.01, p > .01, was
attributable to viewing angle.

A third significant effect,

F (3, 90) = 7.25, p > .01, was the result of an interaction between
viewing angle and whether or not they were to the left or to the
right (see Figure 8).
A summary of the analysis of variance for the three preceding
analyses is presented in Table 5.
As can be seen, differences due to viewing angle were signifi
cant at the .01 level in all nine analyses of variance.

Because of
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Figure 7.

Total number of errors at intermediate markers as a function of viewing angle for both
dial types showing interaction effect between left or right side placement and viewing
angle.
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Total number of errors at minor markers as a function of viewing angle for both
dial types showing interaction effect between dial types and viewing angle.
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Table 5
Summary of Analysis of Variance for Total Errors at Major, Intermediate, and Minor Markers
Major
Source

df

Between Subjects

31

MS

F

1

26.91

9.05*

30

2.97

Dial

Subjects within groups

Intermediate
MS

32.35

13.25**

2.44

Minor
MS

8.27

5.70*

1.45

224

Within Subjects
Left or Right

2.85

3.56

1.41

1.42

3.07

2.89

Dial X Left or Right

1.10

1.38

2.06

2.08

3.50

3.30

Left or Right X
Subjects within groups

30

Angle
Dial X Angle
Angle X Subjects
within groups

90

0.80

0.99

1.06

21.32

25.38**

35.59

39.54**

78.55

0.85

1.01

2.65

2.94*

0.52

0.84

0.90

0.77

0.88

5.29

Left or Right X Angle

0.58

Dial X Left or Right X Angle

0.18

0.76

0.44

0.55

0.79

0.73

Left or Right X Angle X
Subjects within groups
*p > ,05

90

**p :> .01

1.02

102 .01 **

7.25**

these angle main effects, a Newman-Keuls test (Winer, 1962, p. 80)
was performed on each set of data to discover the nature of the
differences between the separate angles.

In all nir.c analyses

(for readout time and accuracy measures), it was found that differ
ences between all possible pairs of angles were significant at the
.01 level of confidence.

There were no exceptions to this finding.
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DISCUSSION

Three hypotheses have been proposed.

The first of these stated

that dial-reading time would increase while accuracy would decrease
as displacement from a straight-on position increased.
confirmed by the results.

This was

Every time the dial was moved to a posi

tion of greater displacement, it not only took longer to read, but
the readings, once made, were significantly greater in magnitude of
readout error.

These differences held true in all cases.

The

Newman-Keuls test performed on the data uncovered differences be
tween the measures obtained at each successive position which were
significant; e.g., readings at 20° left were significantly less
accurate and took significantly longer to make than those at 40°
left.

The same relationship held true regardless of angular

position or left-right side placement.
These results are best depicted graphically as shown in
Figures 3, 4, and 5 of the Results section.

Figure 3 shows the

effect of viewing angle on speed of reading, Figure 4 the effect
of viewing angle on gross error, and Figure 5 the effect of viewing
angle on the total number of errors.
As the graphs clearly show, in order to increase both the
speed and accuracy of reading, the dial should be located as nearly
as possible to a straight-on position.

Of course, a 90° position

would not produce perfect accuracy, but the results clearly indicate

31
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that displacement of the dial face is detrimental to both reading
speed and accuracy.
These results both partially agreed and disagreed with those
obtained by Cohen, Vanderplas, and White (1953).

They found that

changes in viewing angle did have a definite detrimental effect
upon reading accuracy, similar to the present experiment.

However,

their results did not uncover any effect upon reading time as the
viewing angle varied.

The present experiment did identify differ

ences in reading time associated with both the "near-scale" and the
"far-scale” dials.
The reasons for the disparity between the results of the present
experiment and that of Cohen et al, with regard to the effect of
viewing angle on reading time could be due to either or both of the
following factors.

First, the present experiment used three-

dimensional operating dials whereas Cohen et al, used photographs
of dials.

Secondly, the present experiment used different dial

configurations than did Cohen and his colleagues.
More than likely, it was the first reason which served as
the main contributor to such discrepancies.

When using photo

graphs, the effects of parallax would obviously be eliminated.
Therefore, within limits a dial would be read the same regardless
of angular displacement.

The only adjustment for angle which would

have to be made might be for some distortion.

With the operating

dial, parallax would definitely be a factor, especially at more
acute displacements.

This would probably lead the viewer to
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hesitate slightly, while attempting to correct for displacement and
angle, before making his reading.
Left or right side placement of the dial was not hypothesized
to have an effect upon either the speed or the accuracy of dial
reading.
rejected.

However, this was not the case; the null hypothesis was
In several of the analyses performed, readings made to

the Ss's left were made more accurately and more quickly them those
to his right.

These differences were significant at the .05 level

for speed of reading, gross error - all markers, and total errors all markers, and at the .01 level for gross error - minor markers.
Several possible reasons for this exist.

These results may be

caused, at least in part, by the eye dominance characteristics of
the particular group of £s used.

Unfortunately, no information is

available from the experiment which would help to substantiate or
deny this particular explanation.
Another possibility arises from the fact that the button which
controlled the dial-covering panel was located on the S's right
side.

This may have forced some of the £s into an uncomfortable

position when making readings to this side.

However, none of the

Ss complained about this particular situation.
A third possible explanation may be that the results were due
to the general population stereotype to read from left to right.
This may have caused the Ss to initially fixate to the left regard
less of apparatus placement.

The additional time taken to refocus
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to the right would then account for the longer length of time it
took to make right side readings.
The variations in readout speed and accuracy attributable to
the two different dial types caused us to reject the original null
hypothesis relating to design effects.

In all nine analyses, the

"near-scale" dial (A^) yielded performance superior to the "farscale" dial (A^), although not all of these differences were
significant.

When gross error was considered, only readings at

major markers showed a significant (.05 level) difference,
although there was a tendency for all these readings to be more
accurate with the "near-scale" dial.

On the other hand, when the

analysis was in terms of the total number of errors, the "nearscale51 dial was superior to the "far-scale" dial (at the .01 level)
for readings at major markers and intermediate markers.

Readings

for the "near-scale" dial at the minor markers were significantly
more accurate than for the "far-scale" dial at the .05 level.

As

can be seen in Figures 4 and 5, gross error yields a positively
accelerating curve while total error yields a negatively accelerat
ing curve.

Differences in speed of reading due to dial type were

not significant.
The differences found between the two dial types were unex
pected.

However, there are several possibilities with respect to

an explanation that are worthy of note.

First, when reading dial

A^, the scale markers and numerals were slightly closer (3 cm.) to
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the S_ than in the case of dial A^.

This difference, while small,

may have been enough to affect readout accuracy.
because the scale and markers on dial

Secondly,

were on the glass itself,

it is possible that they were seen more distinctly than were those
on dial A^ which was viewed through the glass.

Aside from the

likelihood that there was a degree of distortion (especially at
more acute angles) with A^, there also exists the possibility that
glare from the illuminating source may have been a contributing
factor.
One fact is fairly clear; the differences in reading accuracy
between the two dial types cannot be attributed to an actual
reduction in parallax.

Approximately the same degree of parallax

was observed in both dials.

The difference, of course, was that

the nature of the parallax was reversed going from dial A^ to dial
A2« For example, conside

the pointer at the 50, or mid-point

position (see Figure 2); i.e., exactly vertical or perpendicular to
the line of sight.

Viewed from the left with dial A , the pointer

would appear to be cutting the scale at a reading somewhat greater
than 50.

From an identical position using dial

the pointer

would appear to be cutting the scale at a reading somewhat lower
than 50.

These variations from 50 were observed to be basically

equal.
However, the fact remains that dial A2 did yield performance
superior to that of dial A^.

Perhaps the superiority was the result
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of a particular combination of factors, both identified (e.g.,
uniqueness of dial design, lighting conditions, distance of scale
and markers to

S) and unidentified.

Another possibility is that

the Ss recognized dial A2 as being in some way "out of the ordinary"
and, merely because of its novelty, were more careful with their
readings.
That reading performance on the dials should differ signifi
cantly depending upon how the errors are measured (i.e., total
error vs. gross error) leads to some interesting conclusions.

It

appears that dial A2 results in less errors than dial A^ in most
instances; however, if an error is made, the magnitude of that
error is not affected by the design of the display.

To illus

trate, if at a particular angle, A^ yields eight reading errors
and A2 yields three errors, it is likely that the total of the
magnitudes of the individual errors made with each dial type will
not differ significantly.
These results would appear to permit some cautious generali
zation to a non-laboratory situation.

For example, if we were

faced with a circumstance in which a dial reading must be highly
accurate to be of use, it would appear that the "near-scale" dial
would give better performance than the "far-scale" dial.

On the

other hand, if a small error is preferable to a large one, there
appears to be no advantage to the "near-scale" dial since, in the
majority of cases, the gross error was not significantly less than
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that for the "far-scale" dial.

It would seem, though, that if a

choice had to be made between the two dial types when it was
known that they were to be angularly viewed, the "near-scale" dial
would be the wiser choice.

It did prove to be superior in terms of

the fewer number of errors made, and it also tended to be more
accurate when gross error was considered, even though the latter
differences were not always significant.
Two curious interaction effects were noted (see Table 5).

One

was between dial type and angle when the total number of errors at
intermediate markers was analyzed (see Figure 6 in the Results
section).

As can be seen, while there is a general and consistent

superiority of dial A2 over dial A^ in the case of readings made to
the left; the total number of errors for both
made to the right are very similar.

and A2 in readings

In fact, as angular displace

ment increases on the right, a cross-over takes place suggesting
some tendency for A^ to be superior to A^.

There is also some

indication that errors increase at a more rapid rate for rightangularly viewed dials than for left-angularly viewed ones.
The other interaction was between left or right side placement
and angle when the total number of errors at minor markers was
analyzed (see Figure 7 in the Results section). As can be seen,
A2 appears to give rise to fewer errors than A^ at all viewing
positions.

However, this is more pronounced on the left.

At 20°

right there is a sudden leveling off in readout errors for A2« No
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similar phenomenon is present for this dial when viewed at the
same position on the left.
This type of experiment lends itself well to further study.
Some of the factors which the present experiment held constant
might show interesting effects if varied.

For example, the pointer-

to-scale distance, constant in the present experiment, is a
potentially critical independent variable.

Another factor worthy

of further investigation would be a comparison between types of
markers with respect to frequency of errors and reading time.
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SUMMARY

No previous studies have been conducted comparing "near-scale"
dials (pointer passing behind a scale and numerals printed on a
glass panel) and "far-scale" dials (conventional type with pointer
passing in front of a scale and numerals printed on a rear panel)
for speed and accuracy of reading.

In light of the increasing use

of the former type, questions as to whether or not it offers any
advantages have gone unanswered.
This experiment was designed and conducted to determine whether
or not one of the previously described dial types was superior in
reading speed and accuracy performance over the other.

Since no

differences would be likely to be apparent when the dials were
viewed straight-on, they were positioned at various angles, both
to the left and to the right.

The angles used were 20° (70° dis

placement) , 40° (50° displacement), 60° (30° displacement), and
80° (10° displacement). Exposure time was subject controlled.
Thirty-two male Western Michigan University undergraduate
students, in two groups of sixteen each, served as Ss in the
experiment.

Each S_ was tested using only one of the dials, but

served under all angle positions and made readings both to the
left and to the right for three marker types (major, intermediate,
minor).

It was hypothesized that the viewing angle would signifi

cantly affect accuracy and speed of reading; no significant

39
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differences were expected to result from left or right side read
ing, or from the different dial types used.
Nine analyses were performed on the data.

These were for:

speed of reading; gross error-all markers, major markers, inter
mediate markers, and minor markers; total errors-all markers, major
markers, intermediate markers, and minor markers.

Viewing angle

was found to have the most consistent effect on the results, being
significant at the .01 level in all nine cases.

Readings made to

the left were generally faster and more accurate than those made
to the right, with significant differences being found in four of
the nine conditions.

This was not expected, but was conjectured

to be due to left or right side eye dominance of the Ss and the
right-side placement of the shutter-controlling button.
Differences between the two dials showed that, while there
were almost no differences in gross error (except at major markers),
total errors were significantly less in four instances for the
"near-scale" dial design.

The dials were not related to any

significant difference in speed of reading.
The findings could be important in angularly-viewed displays
when a particular reading must be exact to be of any value; i.e.,
if an error is made, its magnitude is unimportant.
It was concluded that when reading angularly-placed dials under
conditions such as those used in the experiment, the "near-scale"
dial would be preferable to the "far-scale" dial since it yields
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more exact-to-the-unit readings and does not differ from the “farscale" dral in error magnitude or speed of reading.
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APPENDIX A

INSTRUCTIONS

This experiment involves your ability to make various readings
on a dial face.

Dial exposure time will be measured, so the idea

is to make the most accurate reading in the least amount of time.
The foam-filled cup in front of you is meant to keep your eyes
on the same level as the dial.

Place your chin as far back as it is

possible to, and still remain comfortable.

As the apparatus is

moved, you may change the position of your chin to accommodate the
position of the dial.

However, please be sure that your chin re

mains on the cup while a trial is in progress.

Also, if you

normally wear glasses, please wear them while the experiment is in
progress.
The push-button on your right controls exposure time.

When the

experimenter says, "Ready," push the button, make your reading, and
push the button again (push firmly and let go each time).
the experimenter your reading as you see it.

Then give

Wait until you hear

the word "Ready" again, and repeat the procedure.

There will be

approximately a thirty (30) second delay between trials.

Do not

touch the button during these delays.
You will be given several practice trials to familiarize your
self with the apparatus and procedure.

If you have any questions,

feel free to ask the experimenter.
42
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